Four experiments were conducted to determine the effect of Cu source and level and an antimicrobial agent on performance of nursery (6 to 25 kg) and growing (20 to 65 kg) pigs. Copper was fed either as CuS045H20 (CS), inorganic chelated Cu (ICC) or organic chelated Cu (OCC) to provide 31.25 to 250 ppm supplemental Cu. In Exp. 1, 224 pigs were used to study Cu source and level added to nursery diets. No difference (P > .05) among treatments was observed during the nursery period. Treatments were continued the first 56 d of the growing-finishing period. Regardless of the Cu source, pigs receiving 125 ppm added Cu gained faster (P < .05) than pigs in other treatments. In Exp. 2, 216 pigs were used to determine the optimum level of CS and ICC in nursery diets. Pigs were less efficient (P < .01) when Cu was added at 62.5 and 125 ppm than at 250 ppm (1.69, 1.72 and 1.59, feeagain respectively). In Exp. 3, no differences (P > .05) in performance between sources or among levels of Cu were found. In Exp. 4, 216 pigs were utilized to determine the combined effects of Cu source and an antimicrobial on performance. Pigs fed ICC were less efficient (P < .01) than pigs fed either OCC or CS (1.99, 1.85 and 1.90, respectively). The inorganic and organic chelated Cu compounds used in these studies were not more efficacious than CS for nursery or growing pigs.
Introduction
Feeding Cu at 125 to 250 ppm as Cu sulfate (CS) has been shown to improve performance of weanling and growing-finishing swine (Hawbaker et al., 1961; Stahly et al., 1980; Roof and Mahan, 1982) .
Chelation is the ability of a chemical agent to form a ring with a metal ion. In a chelated form, metals are absorbed more efficiently and their retention in the body is higher than similar minerals in their inorganic form (Fouad, 1976) . Chelating agents can be inorganic (e.g., EDTA) or organic (amino acids or polysaccharides). Studies in which chelated Cu has been added to swine diets (Bunch et al., 1965; Zoubeck et al., 1975) or in which Cu and the chelating agent have been added separately (Hawbaker et al., 1961) have shown little effect on pig performance.
This study was designed to determine whether performance of nursery and growing pigs was affected by inorganic and organic Cu chelates and whether lower dietary levels of chelated Cu would give performance comparable to that of pigs fed a higher level of CS.
Materials and Methods
General. Pigs from a four-breed rotational cross (Hampshire, Landrace. Duroc and Yorkshire) were weaned at 28 k 2 d of age. Pigs were moved into an enclosed nursery with 1.5-x 1.7-m elevated pens with woven wire flooring. Five days after weaning, pigs were allotted to dietary treatments based on weight, litter and sex. Pigs were sorted into three weight blocks on the basis of their initial weights. The basal diet was a fortified grain sorghum-soybean meal diet (Table 1) . The basal diet contained 13 ppm Cu. 
S t a t i s t i d
Methods. Data were analyzed by variance procedures using SAS (1979) . In Exp. 1. data were analyzed as a randomized complete block design. In Exp. 2, 3 and 4, the data were analyzed as randomized complete block designs with a factorial arrangement of treatments. In all experiments, each pen of pigs was considered the experimental unit for statistical analysis of performance data. Orthogonal contrasts (250 ppm Cu vs other levels; 62 vs 125 ppm) also were made in Exp. 2 and 3.
Results and Discussion
Experiment I . No differences ( P > .05) were found in performance of the pigs fed the various sources and levels of Cu in the nursery diets ( Table 2 ). The highest level of Cu used from any of the sources was 125 ppm. Some investigators have used 250 ppm Cu in nursery diets and have shown an increased response in performance over 125 ppm (Bunch et al., 1961; Gipp et al., 1973) , whereas others have shown greater response at 125 ppm Cu than at 250 ppm Cu (Young and Jamieson, 1970) or at least equal to 250 ppm Cu (Stahly et al., 1980; Roof and Mahan, 1982) . As in our study, Lillie . 1955 , 1965 Prince et al., 1979; Southern and Stewart, 1984) . Results of studies in which investigators have fed various levels of Cu (0 to 750 ppm) as CS indicate that Cu at a level of 250 ppm is optimum for growth promotion of growing-finishing swine (Bunch et al., 1961; Hawbaker et al., 1961; Kline et al., 1971 ). Elliot and Amer (1973) found that withdrawing Cu from the diet had a deleterious effect on performance. Wallace et al. (1960) found no difference in performance of growing-finishing swine fed 0 to 200 ppm cu.
Experiment 2.The only performance measurement affected by Cu level in this study was the feed:gain ratio. Orthogonal contrasts showed that pigs fed 250 ppm Cu were more efficient (P < .001) than those fed 125 or 62.5 ppm Cu. There was an interaction (P < .Ol) between source and level of Cu, resulting from an exceptionally low feed:gain in pigs fed the 250 ppm level of Cu as CuS, but not in those fed 250 ppm Cu as ICC (Table 3) . Efficiency was poorest when CS was added to give 125 ppm Cu in the diet. Other investigators have found that CS fed to pigs to provide 125 ppm or 250 ppm Cu improved performance of nursery pigs (Stahly et al., 1980 Roof and Mahan, 1982) . Bunch et al. (1961) added Cu at levels of 0 to 375 ppm to nursery diets and observed that 250 ppm was the optimum level of Cu to add to nursery diets. However, Bradley et al. (1983) observed that Cu levels from 8 to 240 ppm had no effect on performance. In another study, Cu at 250 ppm caused a reduction in performance but 125 ppm Cu had no effect on performance of nursery pigs (Lillie et al., 1977 Cu complexed with methionine to nursery pigs. As in our study, no differences in performance were observed between the OCC and CS when each was added to provide 250
These first three experiments indicate little or no difference between chelated forms of Cu
and CS on performance of nursery or growing pigs. Experiment 4 . Examination of the main effect of Cu source revealed that pigs receiving ICC in their diets were less efficient than pigs on other treatments (P e .01; Table 5 ).
Presence of the antimicrobial agent ASP-250 in the nursery diets had no effect (P > .05) on nursery pig performance.
No interactions (P > .05) were found between source of Cu and the antimicrobial agent on performance of nursery pigs. Several studies have been conducted in which CS and antibiotics were fed to nursery pigs. When Cu was found to improve performance of nursery pigs, antibiotics improved performance equally (Bunch et al., 1961; Roof and Mahan, 1982) . Other studies have indicated that when Cu had no affect on nursery performance, neither did antibiotics (Lillie et al., 1977) . Livingstone and Livingstone (1968) found that antibiotics improved performance of nursery pigs whereas CS at .l% in the diet did not improve performance. Other investigators have shown an additive effect of Cu and antibiotics in nursery diets (Stahly et al., 1980) . Although the latter studies are contradictory to our findings, the gains and feed intakes of the control pigs in these studies were lower than the performance of the nursery pigs in our study. The lack of an antimicrobial effect may help explain why Cu had little effect on nursery performance.. Researchers have proposed that Cu elicits an antibiotic effect (Bunch et al., 1961; Hawbaker et al., 1961; Stahly et al., 1980) . Copper or antibiotics have little effect on performance in new or wellcleaned facilities or when animals are healthy (Kornegay et al., 1975) . In the present study, pigs were moved as a total farrowing group in an all in-all out nursery management system. Before use, the nursery bam was cleaned with water from a pressurized hose and allowed to dry for 1 d. Also, each pig was injected with 1 cc of tylosin (200 mglcc) upon entering the nursery and fed a diet with milk proteins and antibiotics 4 to 7 d before the experiment began. Therefore, clean facilities and antibiotic treatment before the study may have prevented these pigs from experiencing postweaning performance problems. Conversely, growing performance was enhanced by Cu supplementation in the growing-finishing barn; those facilities were not routinely cleaned and there was a continuous flow of pigs through the building.
Implications
Copper as a chelate or complex with organic or inorganic compounds was not more efficacious than Cu sulfate. A response in performance from the addition of Cu or antimicrobials should not be expected when healthy pigs are housed in a clean environment.
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